Within the context of general relativity, we consider one definition of a "time machine" proposed by Earman, Smeenk, and Wüthrich. They conjecture that, under their definition, the class of time machine spacetimes is not empty. Here, we prove this conjecture.
4. Allowing to have a boundary is nonstandard, but the formulation introduces no S difficulties. In particular, one may consider initial data on and determine its domain S of dependence . See Hawking and Ellis 1973, 201. D(S) of such that and are isometric. We say a spacetime
is inextendible if it has no proper extension.
A Time Machine.
In their recent (2009) paper, Earman et al. attempt to clarify what it might mean to say that a time machine operates within a relativistic spacetime. First, in order to count as a time machine, a spacetime must contain a spacelike slice representing a "time"
before the time machine is switched on. Next, they note that a time machine should operate within a finite region of spacetime. Accordingly, they require that the time machine region have compact closure. T O M In addition, so as to guarantee that instructions for the operation of the time machine (set on ) are followed, they require that S T O . Of course, the spacetime must also have a chronology-
violating region V to the causal future of the time machine region T. Finally, in order to capture the idea that a time machine must "produce" closed timelike curves, Earman et al. demand 
Next, we show that, for any distinct points , if ,
It suffices to show that, for some has
, g k no future endpoint (in that case, cannot be a closed null curve). K Assume that for all there is a future endpoint of in
We show a contradiction. Consider any point and a neigh-
restricted to the set of points where , then
The smoothness of ensures that the boundary conditions t. g ab and are satisfied. Clearly then, there
be the function defined by Note that the : 
is not hole free, and
we are done. QED.
Conclusion.
So we have shown one sense in which there exist "time machines" within general relativity. We conclude with a few remarks about other ways one might interpret the result presented here. Following Earman et al. 2009 , we have assumed that spacetime is hole free and have then shown that certain initial conditions "force" the production of closed timelike curves. But instead we may have taken for granted that spacetime is free of closed timelike curves. In fact, this is routinely done (e.g., the singularity theorems of Hawking and Penrose [1970] proceed under this assumption). But then the logical structure of our result can be reworked to show that certain initial conditions "force" the production of "holes" in spacetime. So, in this way, the theorem demonstrates the existence of "hole machines" rather than "time machines."
We prefer to think of the theorem as a type of no-go result. It seems that some initial conditions force us to give up either (i) our intuition that spacetime is inextendible, (ii) our intuition that spacetime is hole free, or (iii) our intuition that spacetime is free of closed timelike curves.
